NASA-CR-l^O*^ 


/' 


HUMAN FACTORS ISSUES 
IN THE USE OF 
ARTIFICIAL INTELLIGENCE 
IN 

AIR TRAFFIC CONTROL 
October 1990 Workshop 


Sponsored by NASA and FAA 
Hosted by 

California Polytechnic State University 


FINAL REPORT 

June 1990 - December 1991 
Grant No. NAG 2-669 


Stephen Hockaday Principal Investigator 
Professor and Chair 

Civil/ Environmental Engineering Department 

and 

Director of 

Applied Research and Development 
Facilities and Activities 
California Polytechnic State University 
San Luis Obispo, California 93407 
(805) 756-5062 



r* 



o 





m 

>* 

</) 


r~ 

ft 

m 

i 

p — 



u 

f\j 

O' 

c 


-> 

3 

O 



O' 





cl 

O 


_J 

<r 


■J 


c- 

rr- 

I 

Dr 

I 

< 

ir 


U - - 

+ 4 J O - ^ 

u. *-* +■• 

'.L. I O 

tL C 

y < o u 

< Or: O' * — 

o O' C 

u o x 

.y: o u 

»— i rH » C J 

.U < C ^ 

0> Ci D > 

3 r*: jj -> — 

■ c C 

iJ O »CL 

3" U. ^ — 4> ‘ 

i — U O 

* r c: o 

^ ij 


t o 


^ j y - - « 

i.*. ■ ***• > 

;/> k- - C T 

is) ^ c: — o c 

♦ *-4 O Uw “D 



Transportation Research Group 
Technical Report: TR 91-7 

Compiled and Edited by 
Sharon Kuhlenschmidt, ARDFA 



TABLE OP CONTENTS 


Acknowledgements . . 

i 

1. Executive Summary of Conference Proceedings 

2 . Listing of Conference Attendees c 

3. Post Workshop Activities 7 

4. Results and Recommendations 

*•♦•••*•«•», 8 

Appendix A - Listing of Recipients of The Proceedings ... 9 
Appendix B - The Proceedings (under separate cover) 


ACKNOWLEDGEMENTS 


Federal^Aviatfon^aH ^ e P°f t w ! sh to thank George Booth and the 

support throughout this project f We^ls^thJnk "? 6 and continued 
NASA Ames Research Center for his thank Leonard Tobias, 

distributing the ProSeeSIngf? ass ^tance in printing and 



1 
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executive summary of conference proceedings 


^a^^o^nia^Polytechnic^state^niversity^sar^L^^nh • Morksh °P at 

3 through 5, 1990. lty ' San Luis Obispo, October 

Executive Summary 

hunan 

faa 

continually eSpanding^o^ove^aTk^J 3 term which is 
machines are performing actions taken*^ °5 technil 5 ues where 
external stimuli. AI methods c»£^- a ? ed upon d y na mic, 

traditional programming language suc^as^Sn^ using more 

can be implemented using stfte?o?4h2-ar? t w ° r PR0L0G - or they 
object-oriented programming neuraf nl? °5 nlques such as 
and knowledge based expert Systems ^ (hardware ^ software) , 

comp^Lg e plJ?f °?L a bec™ra«ilJSl inc f® asi "gly powerful 
Intelligence to enhance Air T?af?^®A V se of Artificial 
realized. Substantial efforts ff Control systems can be 
being undertaken at the fL ^Lhn?^ lineS are alra ady 

Center, academic institutions, industry' ^nd^lsewhe^ Research 

computer autoLtio^to h ATC t systS n °thI y n iS rip ® f ° r br inging 

combi n^hurna^cont rollers t The “?Sr co n^L"^ °tl 

spectrum of optics exists ran^IT^ tech "°l°9y- A wide 

S^lS’VSSig ov^e d n% C V rnaL ^ ^ ^ 

systems and using humans as 

that S occu^ S when^ying £uman and automa? difficul ties 

effectively. S °The a focus°of ^*the Can k b h intr ° dacadSsa ?ely h Jnd InUSt 

the role of injecting AI intS ATC^v^ W3S t0 further explore 

human factors that nled to be conside^ 3 ; ^ t0 ide ^^Y the 

application of the technology to present Ind J U ^ cessful 

yy present and future ATC systems. 
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industry represented government, academia and 

Ca nada, France, the US, and Yugoslavia. After 
presentations and discussion of several papers on H) 

?d^??^°?- ° f f t0 ATC f “"=tions and concepts and' (ii) 

for AX 

workshopf S The^pJc^eL^I t^f ° f the 

11 limits'of C automation^ en h “ anS a " d CO, ”P uters a " d the 

2) Simulation and testing of AI/ATC systems; and 

3) ATC problems to be addresses by AI. 

Brief summaries of the groups' conclusions follow. 

Automation*** 0 * Between Humans and Computers: The Limits of 
automation°^ 

goal is to Proiide f0 ogniti« S Jnd S percSptual S iids°fSr P h inCiPal 
conttcliers, shouid inciude design 

s tf be 

can not a perLra e yeii yin Listing n toolJ P f rati °rt S ^ hat Pe ° Ple ° an or 

demand* 00 Sh ° Uld tS em P lo i' ed to characterize' Ihe^og^Uive 

can EfuS°?fgS eereo?fee?eee s 0 e y b Tc e asks - These to ° is 

to ATC tasks. collection of objective performance data 

S:l: d9e 13 acc ^uired, in „ays that filo/thS'Jo' LTmc 



capabilitiesf SSd UP ° n knowle<J 9 e about human 

2) testing 

3) iStaSf techni 9ues based on forma! cognition 

Traffic Control T fystem ° f Artl£lcial Intelligence in the Air 
^“te/by complementary appUcnt! ATC system needs to be 

:r ~ r- ~S1? ~“ on 

Se°rr red to a «—» 

multi-discin] in? nd A nt ex P eri "ient results m 3S a basel ine 
exDertQ « p i nary ATc community fin nV,,5?‘ l n thls manner a 
cross section^f - ? ineers“& f ^nteoUe^anfS"^ 3 

SSuVifSTr Ai 

experimentationf^^^^^^^^t’^^t^Ohrce^fSr” 11 ^ 5 ^ 63 ^ met ^ ods 

^sint ^TsilE^ r oup 

common set of <?f ^n/-? ^ ea rch on AI for ATC an^ r i ^ as a ^ orum 

f standar <*s or guidelines that cou?2 h Uld develo P a 

oouid be used to 



4 


assess the effectiveness n€ *t +• u • 

ATC system. SS ° f AI techniques as applied within the 


ATC Problems To Be Addressed by AI 

One of the themes in 

that the FAA needs to beqi^with^ 3 ^ br ® ak awa Y from the notion 
sophisticated AI technS ? T rand schemes for using very 

The AI techniques used ^eed a “ tol ” ate the entire ATC lystoX. 
term is customarily useS S ^LrS SSSarily be " hard " AI as toe 
hardware may be appropriate 3 or^t^fTh 1 ®?" 1 " 9 lan 9 ua ges and 
specral AI components into standard 

looking fo^way^to ^leto^Ml^nd^rr M should also he 
are separable and can be treated ” ed l™-scale problems that 
each other (see list below) mL * bly lnde P en dently from 

implementing, and — perhans ex P erie nce gained in creatinq 

will refine the technical aSn?Lto POrta 2 tly '' usin 9 ^se IJstomi 

automated systems in the use? coJJuni??'* "J U bu “ d confidence in 
experiment with aut-nma*-^ at conunun ity. As controllers 

their use is assimilated in the^aborato ^ 3S feedback fr om 
a ugmented and eventually increase in compLxf?y? SlnS Can be 

conditioned?? whi^^svJte?^??? 1 ? • stu< ? ied to verify the 

should be givtn to^de^tif^in^^e^ev 3 f equi ^ ed * Special care 
operation. ying rare" events critical to safe 

AI in ATCe e efr??e?r?eL 1 iden?i?i?re t and a PP licat ion of 
ripe for investigation. The list iiJina th f b * ere considered 
manageable problems for immediate ai-?i U ? eS 5° th smalle r 
issues on how future ATC systems could^^™* barger ' lon< ? term 
areas are listed here: Y could be configured. These 

S i SiStff?ealf tiCUlar l y the -intenance of equipment 


Monitoring Particularly of 
maintenance. 


equipment subject to 


Taxiing, crossing active 
gSbedulinq and PI ton ini;. Particularly of longer-term 

perceptual^and°cognitive activit? ha ?ot 0 " i " plicit 

actions. y e actlvit y, not merely overt 



S ystem Fun cti on Allocation: Especially between air and 
ground systems in the data link environment. 

£ata Fusion: Integration, interpretation, and use of 
data presented from various sensors with varyinq levels 
of quality. 


To summarize results from the three working groups, it is 

the FAA identif Y areas where AI can positively 
^ ? system starting with small-scale programs and 

JLI^ 1Vlng larger-scale efforts. Definitive methods 

sho«T?5 Ho V ^ datl ° n . and accreditation of new AI methods 

should be developed to provide evidence that will allow the 
development of confidence in the new AI technologies. 

the research and development of AI for application to 

exLrtS Sy ^ em sh ° uld include the participation ofhuman lectors 
experts. These experts should focus their expertise on the 

deveiopment of powerful, flexible tools and analytic techniques 

system? 11 aSSGSS the effectiveness of injecting AI into the ATC 


2. LISTING OF CONFERENCE ATTENDEES 

The following list contains the alphabetic listinq of 
persons who attended the October 1990 workshop. Points of 

add ^J SS ^' ? hone ' FAX and e-mail information) are 
Proceedings thS llstlng of those requesting copies of the 

^L^a^o^eihnoiogie'c^i^?"' Pr ° 9ra ” S Ill9e " 

S^veSty S (Sf?oi?r° U: ARDFA ' Calif ° rnia Polytechnic state 

Cheryl Crabb: CompEngServ Ltd. 

D ‘ Goslir >g: Assistant Research Engineer 

Berkeley 6 ° f Transportation Studies University of California, 

Dr. Harold Heggestad: MIT Lincoln Laboratory 

p£*.^ pl ? en H °?kaday: Chair, Dept of Civil/Environmental 

Engineering, Director of ARDFA, Cal Poly 

Dr. James C. Johnston: NASA Ames Research Center 
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Dr. Charles Jorgensen: Chief, Intelligent Systems Technology 

Branch NASA Ames Research Center 

Andrew Levy: Intel licorp 

Sharon Kuhlenschmidt : ARDFA, Cal Poly 

Dr. Alfred T. Lee*: Decision Systems 

Dr. Leonard D. Myers: Computer Science Department, Cal Poly 

Jeffrey R. Olmstead: ATAC 

Pascal Planchon: CENA 

Dr. James D. Reierson: Air Transport Systems Engineering 

Division, The MITRE Corporation 

Dr. Roger Remington: NASA Ames Research Center 

Dr. Renate Roske-Hof strand: CTA Incorporated 

Patricia Sempowich: Word Excellence 

Dr. Clinton Staley: ARDFA, Cal Poly 

Dr. Edward Sullivan: ARDFA, Cal Poly 

Dr. Leonard Tobias: Senior Research Scientist NASA Ames 

Research Center., 

Dr. Vo jin Tosic: Air Transportation Department University of 

Belgrade 

Dr. Thomas M. Walsh: Manager FAA/NASA R&D Field Office 

Dr. Bruce C. Wetherby: The MITRE Corporation 

Dr. Robert Wesson: Wesson International 

* Al Lee did not attend the last day of the workshop and 
therefore did not participate in the drafting or signing of the 
letter to Joe Del Balzo. 


3. POST WORKSHOP ACTIVITIES 
Semi-Annual P rogress Report : 

A Semi-Annual Progress Report covering the period of January 1, 
1991 through June 30, 1991, was delivered to Thomas Wals , 



9 


APPENDIX A 

LISTING OF ATC HUMAN FACTORS and/or AI PROFESSIONALS 

This listing contains the names and addressed of human factors 
and artificial intelligence professionals who were invited to 
attend the October 1990 workshop. Each person on this list 
received a copy of the workshop Proceedings. The addresses 
listed reflect updates received through 11/30/91.' 

The names are arranged alphabetically in the format: last name, 

first name. 


Allen, Henry 


Alvania, Dr. Stephen 


Bergeron, Mr. Hugh 


Bird, Dr. Michael** 


Bobick, John 


Booth, George 


UFA, Inc. 

335 Boylston Street 
Newton, MA 02159 
(617) 964-5172 
(617) 964-7027 (FAX) 

ARD 100 

Manager, Advanced Traffic 
Management Systems Program 
Federal Aviation Administration 
800 Independence Ave, S.W. 
Washington, DC 20591 

Aerospace Engineer 
M/S 156 A 

NASA Langley Research Center 
20 West Taylor Road 
Hampton, VA 23665 

Smiths Industries 

Aerospace & Defense Systems Inc. 

M/S 128 

4141 Eastern Ave. S.E. 

Grand Rapids, MI 49518-8727 
(616) 241-7000 

Dir. Aviation Systems Group 
ATAC 

301 Evelyn Ave. , Suite B 
Mt. View, CA 94041 
(415) 965-8801 
(415) 964-9036 FAX 

Human Factors Program ARD 210 
Federal Aviation Administration 
800 Independence Ave. S. W. 
Washington, DC 20591 
(202) 267-9854 472-4104 
(202) 267-9854 
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Bowen, B. A. CompEngServ Ltd. 

Suite 300 

19 Fairmont Avenue 
Ottawa, Ontario 
Canada K1Y 1X4 
(613) 722-3008 
(613) 722-5660 (FAX) 

Brown, Dr. A. Carlton University 

Colonelby Drive 
Ottawa, Canada K1S 5B6 

Caglayon, Dr. Alper K. President 

Charles River Analytic Inc. 

55 Wheeler Street 
Cambridge, MA 02138 

Castonia, John Vice President, Technical Programs 

Illgen Simulation Technologies, Inc 

250 Storke Road Suite 10 

Goleta, CA 93117 

(805) 968-8661 

(805) 968-1311 FAX 

Chatziioanou, Dr. Alypios ARDFA 

Cal Poly 

San Luis Obispo, CA 93407 
(805) 756-1119 
(805) 756-1702 FAX 

Cottrell, Judy Director of Corporate Relations 

Division of Engineering 

UCSD R003 

La Jolla, CA 92093-0403 
(619) 534-2776 

Crabb, Cheryl CompEngServ Ltd. 

Suite 300 

19 Fairmont Avenue 
Ottawa, Ontario 
Canada K1Y 1X4 
(613) 722-3008 
(613) 722-5660 FAX 

Creedon, Dr. Jergmiah F. Director Flight Systems 

NASA Langley Research Center 
11 Ames Roar M/S 113 
Hampton, VA 23665-5225 
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Del Balzo, Joseph 

Dismukes, Dr. R. Key 
Division 

Duytschaever , Dirk 
Edwards , Vernon 

Ellis, Dr. B. 
Foushay, H. Clayton 

Garot, Jean-Marc 

Gerstenfeld, Arthur 


AXD-1 

Executive Director for System 
Development 

Federal Aviation Administration 
800 Independence Ave. S. W. 

Washington, DC 20591 
(202) 267-7111 

Mike Harrison Special Assistant to Mr. 
Del Balzo (202) 267-8719. 

Jr. Chief, Aerospace Human Factor Research 

M.S. 262-1 

NASA Ames Research Center 
Moffett Field, CA 94035 
(415) 604-5729 

Central Flow Management Unit 
Brussels 

ARD-100 

Manager, Automated En Route 
ATC Program 

Federal Aviation Administration 
800 Independence Ave. S. W. 

Washington, DC 20591 

RAE Farnborough Hants 
R177BLD 

Great Britain GU14 6TD 
AXR-3 

Chief Scientific & Tech Advisor 
Human Factors 

Federal Aviation Administration 
800 Independence Ave., S. W. 
Washington, DC 20591 

EXCPTL Center 
Orly Sud No. 205 
Postal Code 94542 
Orly Aerogare CEDEX 
France 

011-33-69-84-50-00 (?) 

President UFA Inc. 

335 Boylston Street 
Newton, MA 02159 
(617) 964-5172 
(617) 964-7027 FAX 
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Gosling, Dr. Geoffrey D. Assistant Research Engineer 

Institute of Transportation Studies 

109 McLaughlin Hall 

University of California 

Berkeley, CA 94720 

(415) 642-9064 

(415) 642-1246 FAX 

atclab @ garnet.berkeley.edu EMAIL 

Grossberg, Dr. Mitchell ART-304 

Advanced Systems & Facilities Division 
Federal Aviation Administration 
800 Independence Ave, S. W. 

Washington, DC 20591 

Hall, Kurt Intelligent Software Strategies 

151 Collingwood 

San Francisco, CA 94114 

Heggestad, Dr. Harold Machine Intelligence Group 

MIT Lincoln Laboratory 

Room M2 00 

244 Wood Street 

Lexington, MA 02173 

(617) 981-7218 

(617)981-4094 FAX 

hal § xne.mit.edu EMAIL 

Hockaday, Dr. Stephen Professor and Chair, Civil/Environmental 

Engineering Department 
Cal Poly State University 
ARDFA 

San Luis Obispo, CA 93407 
(805) 756-5602 
(805) 756-1702 FAX 

Howell, Goeffry Chief Scientist Civil Aviation Authority 

CAA House 

45-59 Kingsway 

London WC2 B6TE 

England 

(01) 832-5833 

071-832-5789 Direct line 

071 832-6478 FAX 

Howell William Information Systems Division 

NASA Langley Research Center 
5 Freeman Road, M/S 469 
Hampton, VA 23665-5225 
(804) 864-7521 
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Illgen, John D. President/CEO 

Illgen Simulation Tech., Inc. 

250 Storke Road 
Suite 10 

Goleta , CA 93117 

Ingleton, Peter IATA 

2000 Peel Street 
Montreal, Quebec 
Canada H3A 2R4 
(514) 844-6311 
(514) 844-6727 FAX 

Johnston, Dr. James C. NASA Ames Research Center 

MS 262-2 

Moffett Field, CA 94035 

(415) 604-5686 

jcj 0eos.arc.nasa.gov EMAIL 

Jones, Dr. H. L. The American Service Corp. 

1 Jacob Way 
Readly, MA 01867 

Jorgensen, Dr. Charles Chief, Intelligent Systems 

Technology Branch 

NASA Ames Research Center 

MS 244-4 

Moffett Field, CA 94035-1000 
(415) 604-6025 
(415) 467-6997 FAX 

jorgensen 0 pluto.arc.nasa.gov EMAIL 

Karppinen, Noel Manager Operations Research, C.A.A. 

Central Office 
G.P.0. Box 367 
Canberra, ACT 2601 
Australia 

Oil 61 6 268 4058 phone 
Oil 61 6 268 5434 FAX 

011 61 6 268 4111 (central switchboard) 
Oil 61 6 257 2489 FAX 

Kelly, Raymond ARD-210 

Human Factors Program 

Federal Aviation Administration 

800 Independence Ave, S.W. 

Washington, DC 20591 
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Krella, Fred Eurocontrol 

B.P. 15 

91222 Bretigny-Sur-Orge 

CEDEX 

France 

001-33-1-69-88-75-00 
011-33-60-85-15-04 FAX 

Kuhlenschmidt , Sharon ARDFA 

Cal Poly 

San Luis Obispo, CA 93407 
(805) 756-6502 
(805) 754-1702 FAX 

Lacoss, Dr. Richard MIT Lincoln Laboratory 

244 Wood Street 
Lexington, MA 02173 
(617) 981-7218 

Lee, Dr. Alfred T. Director, Human Factors Research 

Decision Systems 
318 State Street 
Los Altos, CA 94022 
(415) 323-1105 
(415) 949-1778 FAX 

Levy, Andrew Intellicorp 

2000 Corporate Ridge 

Suite 825 

McLean, VA 22102 

(703) 749-3790 

(703) 847-9719 FAX 

levy @ intellicorp.com EMAIL 

Lucas, Dr. Andrew Technical Manager 

Australian Artificial Intelligence 
Institute 
1 Grattan St. 

Carlton Vic 3053 
Australia 

Chief, Information Sciences Division 
MS 244-7 

NASA Ames Research Center 
Moffett Field, CA 94035 
(415) 604-6544 


Lum, Dr. Henry Jr 
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Lupinetti, Albert A. 


Madni, Azad 


Maignan, Georges 


Mederios, Manuel F. 


Myers, Dr. Leonard D. 


Olmstead, Jeffrey R. 


Pararas, Dr. John 


Patterson, James 


ACL-1 

Director, Office of Research & 
Technology Applications 
FAA Technical Center 
ACL-1 

Atlantic City International Airport 

NJ 08405 

(609) 484-6689 

Perceptronics Inc. 115D 
21122 Erwin Street 
Woodland Hills, CA 91367 
(818) 884-3485 

Director EEC 
Eurocontrol 
B.P. 15 

91220 Bretigny-Sur-Orge 
France 

DTS-56 

Chief, Automation Applications Division 
Transportation Systems Center 
Kendall Square 
Cambridge, MA 02142 

Professor, Computer Science 
Cal Poly 

San Luis Obispo, CA 93407 
(805) 756-1252 
(805) 756-6503 FAX 

lmyers @ polyslo.calpoly.edu EMAIL 
ATAC 

301 E. Evelyn Avenue Suite B 
P0 Box 370 

Mountain View, CA 93407 
(415) 965-8801 
(415) 964-9036 FAX 

Acting Deputy Director 

MIT Flight Transportation Laboratory 

Room 33-412 

Cambridge, MA 02139 

(617) 253-2424 

Federal Aviation Administration 
800 Independence Ave., S. W. 

Washington, DC 20591 
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Planchon, Pascal 


Reierson, Dr. James 


Remington, Dr. Roger 


Roske-Hof strand, Dr. 


Schlossberg, Jon L. 


Scott, Barry 


Smith, Ian 


CENA 

1 rue de Champagne 
91200 Athis - Mons 
ORLY SUD 205 

94542 ORLY Aerogare Cedex 
France 

(33-1) 69 84 56 83 
(33-1) 69 84 56 97 FAX 

>. Air Transport Systems Engineering Division 
The MITRE Corporation 
M/S W336 

7525 Colshire Drive 

McLean, VA 22102 

(703) 883-6543 

(703) 883-6478 FAX 

ml0364 @ mwvm.mitre.org EMAIL 

NASA Ames Research Center 
M/S 262-2 

Moffett Field, CA 94035 
(415) 604-6243 

roger @ cos.arc.nasa.gov EMAIL 

Renate CTA Incorporated 

English Creek Center 
The Courtyard, Suite 204 
McKee City, NJ 08232 
(609) 645-5028 
(609) 645-5054 FAX 

Senior Scientist 
Lockheed AI Center 
96-20 B/254 F 
3251 Hanover Street 
Palo Alto, CA 94304 

Mgr. FAA/NASA R&D Field Office 
MS 210-2 

NASA Ames Research Center 
Moffett Field, CA 94035 

Software Kinetics Ltd. 

65 Iber Road 
Stittsville, Ontario 
Canada K2S 1E7 
(613) 831-0888 
(613) 721-6217 (home) 

(613) 831-1836 FAX 
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Smith, Rick 


Spencer, David 


Steinmetz, George 


Sullivan, Dr. Edward 


Sullivan, Dr. Joseph W 


Thompson, Dr. David 


Tobias, Dr. Leonard 


Southwestern Area Sales 
Gensym Corporation 
5150 East Pacific Coast Highway 
Suite 233 

Long Beach, CA 90804 

Senior Staff 
MIT Lincoln Laboratory 
244 Wood Street 
Lexington, MA 02173-0073 
(617) 981-3389 

Head, Advanced Transport Operating 
Systems Program Office 
NASA Langley Research Center 
6 East Taylor Road, M/S 265 
Hampton, VA 23665-5225 

ARDFA 
Cal Poly 

San Luis Obispo, CA 93407 
(805) 756-1166 
(805) 756-1702 

Technology Development Manager 

Lockheed Artificial Intelligence Center 

Orgn 96-20, Bldg 259 

3251 Hanover Street 

Palo Alto, CA 94304-1191 

(415) 354-5213 

Applications Program Manager, 

Artificial Intelligence Research Branch 
NASA Ames Research Center 
MS 244-14 

Moffett Field, CA 94035 

Senior Research Scientist 
MS 210-9 

NASA Ames Research Center 
Moffett Field, CA 94035 
(415) 604-5430 
(415) 604-3950 FAX 

Air Transportation Department 

Transportation and Traffic Engineering 

University of Belgrade 

Belgrade Yugoslavia 

Vojvode Stepe 305 

Oil 38 11 493-211 

Oil 38 11 466-294 FAX 


Tosic, Dr. Vojin 
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1 


Tumelin, Jean-Claude AI Project Leader 

Eurocontrol 
B.P. 15 

91222 Bretigny-Sur-Orge 

CEDEX 

France 

001-33-1-69-88-75-00 
011-33-60-85-15-04 FAX 

Tuttle, David ARD-200 

Manager, System Technology Division 
Federal Aviation Administration 
800 Independence Ave., S.W. 
Washington, DC 20591 
(202) 267-3337 

Van Woortmann, Berghuis NLR 

P.O. Box 90502 
Anthony Fokkerweg # 2 
1006 B M Amsterdam 
31-20-511-3113 FAX 

Walsh, Dr. Thomas M. Mgr. Federal Aviation Administration 

Engineering Field Office 
6 East Taylor Road, M/S 250 
NASA Langley Research Center 
Hampton, VA 22102-3481 

Wetherby, Dr. Bruce C. The MITRE Corporation 

MS W17 5 

7525 Colshire Drive 
McLean, VA 22102-3481 
(703) 883-6543 
(703) 883-6478 FAX 

Wein, Robert S. AFW-1 

Director, Facility System 
Engineering Service 
Federal Aviation Administration 
800 Independence Ave, S.W. 

Washington, DC 20591 

Wesson, Dr. Robert Wesson International 

500 So. Capital of Texas Highway 
Building 5, Suite 200 
Austin, TX 78746 
(512) 328-0100 
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White, William 


Wiley, John 


Winter, Heinz 


Zacharias, Dr. 


Zaidman, Steve 


Zellweger, Dr. 


ARD-210 

Manager, Human Factors Program 
Federal Aviation Administration 
800 Independence Ave. S. W. 
Washington, DC 20091 
(202) 267-8523 

ACD-350 

Manager, Advanced Systems Technology 
FAA Technical Center 
Atlantic City International Airport, 
NJ 08405 

Director Institute of Flight Guidance 
DLR 

P. O. Box 3267 
3300 Braunschweig 
Germany 

Greg L. Principle Scientist 

Charles River Analytic Inc. 

55 Wheeler Street 
Cambridge, MA 02138 
(617) 491-3474 

ARD-1 

Acting Director R & D Service 
Federal Aviation Administration 
800 Independence Ave. S. W. 

Washington, DC 20591 

Andres AOR-1 

Director Operations Research Service 
Federal Aviation Administration 
800 Independence Ave. S.W. 

Washington, DC 20591 


** Dr. Bird wrote that he was no longer in this field. 
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THE PROCEEDINGS 
(under separate cover) 


Advanced Computer Technology 
for 

National Airspace System 


Human Factors Issues 
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in 

Air Traffic Control 



